EXECUTIVE SUMMARY
While several organic compounds were detected in the vapor samples used in the reenactment of the preparation of mounts from the extracts of nuclear grade high-efficiency particulate air filter fiberglass samples, the most significant species present in the samples were methylene chloride, phenol, phenol-d6, and 2-fluorophenoL These species were all known to be present in the extracts, but were expected to have evaporated during the preparation of the mounts, as the mounts appeared to be dry before any vapor was collected. These species were present at the following percentages oftheir respective occupational exposure limits: methylene chloride, 2%; phenol, 0.4%; and phenol-d6, 0.6%. However, there is no established limit for 2-fluorophenoL Several other compounds were detected at low levels for which, as in the case of2-fluorophenol, there are no established permissible exposure limits. These compounds include 2-chlorophenol; N -rutroso-l-propanamine; 2-fluoro-l, l' -biphenyl; 1,2-dihydroacenaphthylene; 2,5-cyclohexadiene-l,4-dione,2,6-bis(1 ,l-dimethylethyl)-); trimethyl oxirane; n-propylpropanamine; 2-(Propylamino )ethanol; 4-methoxy-l-butene; 6-methyl-5-hepten-2-one; and 3,4-dimethylpyridine. Some ofthese were among those added as surrogates or spike standards as part ofthe Advanced Technologies and Laboratories International, Inc. preparation ofthe extract ofthe HEP A filter media and are indicated as such in the data tables in Section 2, Results; other compounds found were not previously known to be present.
The main inorganic species detected (sulfate, sodium, and sulfur) are also consistent with species added in the preparation ofthe methylene chloride extract ofthe high-efficiency particulate air sample.
LAB-RPT-ll-00010 Rev. 1 The sample that caused the exposure, which had been extracted and mounted on the planchet, was a methylene chloride soxhlet extraction of a portion of unused high-efficiency particulate air (HEP A) filter. It had been prepared using LA-523-138, "Soxhlet Extraction of Solid Samples for Semi-volatile Organic or PCB Analysis." This type of sample had been extracted and handled in this manner many times before without incident, but in this case a new Flanders nuclear grade HEP A filter was being analyzed.
In this study the same sample material was extracted again by ATL, and the extracts were transferred to 222-S room 4TUV, where they were stored in the refrigerator until used for the experiments in the test plan. Test 1 involved an ATL Chemical Technologist preparing the planchets in the same manner as before and allowing them to dry. The planchets were then placed inside a chamber; three chambers had been set up to handle three planchets at a time. Filtered air was pulled through each chamber and collected on three types of vapor media. Vapor tube samples were collected on CarbotrapTMl 150 thermal desorption unit (TDU) tubes for semi-volatile organic analyte (SVOA) analysis; CarbotrapTM 300 TDU tubes for volatile organic analyte (VOA) analysis; and 2,4-Dinitrophenylhydrazine (DNPH) tubes for formaldehyde analysis. Tubes were collected from planchets that were prepared using unused methylene chloride, as well as for sample extracts. The extracts that were prepared by ATL for this experiment contained the normal surrogate, and where appropriate, the spiking standard used in LA-523-138. The results for this test are reported in units ofppmv. The volume of air used for the conversion of ng compound on TDU tube to ppmv was equal to the volume of air pulled through the tube. This volume may not be representative ofthe volume of air in which the compounds were dispersed during the lP 1 event. There is no way to accurately estimate the volume of vapor dispersion in lPI.
In Test 2 of the test plan, 0.5 flL aliquots ofthe extracts were spiked directly onto CarbotrapTM 150 for SVOA analysis and CarbotrapTM 300 TDU tubes for VOA analysis. The results from this test were reported in units ofng per TDU tube and are not converted to ppmv.
Tubes from Test 1 and Test 2 were analyzed for semi-volatile compounds using IH-LT-523-l60, "Industrial Hygiene -Analysis of Semi-volatile Organic Compounds Collected on Thermal Desorption Tubes by Gas Chromatography/Mass Spectrometry." They were analyzed for volatile organic compounds using IH-LT-523-l53, "Analysis ofVOA Vapor Samples Collected on Thermal Desorption Tubes by Gas Chromatography/Mass Spectrometry." The tubes collected for formaldehyde analysis in Test 1 were analyzed at an off-site laboratory. The gas chromatography/mass spectrometry (GC/MS) method used for the analysis of the VOA samples was changed from what is normally used for industrial hygiene (IH) vapor samples; the parameters for collecting the scan information were set to collect over a narrower range of 20 m/e to 300 m/e to give increased sensitivity. The decision was made to include the ions for methylene chloride instead of leaving them out as had been previously discussed in order to determine how much, if any, methylene chloride vapor remained in the vapor generated from the planchets.
In Test 3, aliquots of methylene chloride were extracted with water in a separatory funnel. The water extracts were submitted to ATL for inductively coupled plasma (ICP) and ion chromatography (IC) analysis.
RESULTS
The compounds reported in Table 3 were detected in the samples from Test 1 for SVOA analysis. The compounds present in the greatest concentration in these samples were surrogate or matrix spike compounds added by ATL in the course of preparing the extracts. The blank methylene chloride was not spiked by ATL with surrogates or matrix spike, but still contained a small amount of a variety of semi-volatile compounds, the greatest of which was phenol. A milliliter of blank methylene chloride or extract was placed on a planchet marked with a Sharpie marker and allowed to dry. The dry planchet was then placed inside a chamber, and filtered air was pulled through the chamber and sampling tube at 100 mLimin for 1 hr. The method blank analyzed with this batch of samples was free of contaminants, so detected compounds in the blank methylene chloride sample came either from the methylene chloride, the planchet, or the Sharpie marker used to mark the planchet when the mounts were prepared.
The apparatus used to contain the planchets and collect the vapor on the tubes may be seen in Figure 1 . The sample pump was connected to the sample tube side ofthe apparatus. The air inlet side had two TDU tubes, Tenax-TA and CarbotrapTM 300, to absorb any chemicals present in the hood air. Three such apparatuses were used: one for SVOA, one for VOA, and one for aldehyde. To the spiked sample extracts, ATL adds the following spike standards as well as the surrogate standards. ..., ,
The results from the TDU analyses were converted from ng per tube to ppmv using the volume of air collected and the molecular -weights ofthe compounds as found in the NIST WebBook (NIST Chemistry WebBook, NIST Standard Reference Database Number 69, National Institute of Standards and Technology, http://webbook.nistgov/chemistrv/). The raw data and calculations may be found in the raw data reports for OmniLIMS group 20111101 for semi-volatile and volatile analysis. Phenol and phenol-d6 have the same retention time on the column. Both are present in SllR000500 to SllR000502 because phenol-d6 is one ofthe compounds added to each sample when ATL prepares an extract. In some cases the GC/MS picked up the phenol as the predominant peak; in others it picked up phenol-d6 as the predominant species.
The volatile organic compounds found in the VOA samples collected on CarbotrapTM 300 TDU tubes in Test I are listed in Table 4 , below. Some compounds that were detected in the samples were not reported. These include compounds added as internal standards in the analysis ofthe TDU tubes. For SVOA analysis, these compounds were 1,4-dichlorobenzene-d4, naphthalene-d8, phenanthrene-dIO, chrysene-dI2, and perylene-dI2. In the same manner, the reported compounds for the VOA analysis did not include internal standard
compounds 1,4-dichlorobenzene-d4, fluorobenzene, and chlorobenzene-d5. Ifthe matrix spike compound 1,4-dichlorobenzene was detected, it may have been labeled as 1,4-dichlorobenzene-d4 and not reported.
The air exposure limits in Tables 3 and 4 T Samples for formaldehyde analysis were also collected during Test 1. The vapors were collected on 2,4-dinitrophenylhydrazineimpregnated silica gel tubes. These were sent offsite for analysis at Analytical Laboratory Services (ALS) in Salt Lake City, Utah.
No formaldehyde was detected in these samples, all were reported at less than 0.10 Ilg/sample.
Test 2 involved spiking O.SIlL of extract or blank methylene chloride directly onto a TDU tube. Internal standard for the TDU method was also spiked onto the tube, and the tubes were analyzed as in Test 1 by GelMs. Formaldehyde tubes were not prepared for Test 2. The results for Test 2 are reported in ng analyte per tube. Since these were not vapor samples, no conversion to ppmv was performed.
The total amount of sample used per tube in Test 2 was much smaller than the amount loaded on each tube in Test 1. In Test 1 the vapors released by 1 mL of sample were collected on one tube. In Test 2, 0.5 flL of extract was placed on each tube. Calibrated compounds that were not detected are not reported below. Internal standard compounds used in the course of analysis of the TDU tubes are also not reported. The compounds present in Test 2 SVOA analysis (Table 5) are from surrogate or spike standards except for bis-(2-ethyl)-1,2-benzenecicarboxylic acid. This compound is also known as dioctyl phthalate. It has a low vapor pressure, 1.4 XlO-6 mm Hg at 25° C, with almost no odor. It is a widely used plasticizer and paper coating in industrial, commercial, medical, and consumer products. Its OSHA PEL is 5 mglM 3 , 10 mg/M3. Recently there have been concerns raised about potential negative health effects caused by this chemical that have encouraged industries to find a safer alternative. Because of its low vapor pressure and the fact that it was not detected in Test 1 SVOA analysis, it was not considered as a major contributor to the vapor released by the planchets or the odor detected. Figure 3 , below, is an overlay ofthe chromatogram for SIIR000510, Test 2 VOA-3 spike (111l2820.D) with the chromatogram of SllR000510 minus SllR000511 (11l12817.D), the methylene chloride blank. The original is shown in red, and the subtracted chromatogram is shown in blue. The major peaks are the same in both chromatograms, and the negative spikes in the subtracted chromatogram are due to differences in the amount of compounds present. Test 3 involved extracting methylene chloride with reagent Q water. A 2-mL aliquot of blank methylene chloride was extracted three times with 8-mL aliquots of water, and the water was collected for analysis as samples S l1R000450 and S llR000453 . A 2-rnL aliquot of methylene chloride extract was also extracted three times with 8-mL aliquots of water, and the water was collected for analysis as samples S 11R000449 and S llR000452. Water from the same source as that used for the extraction was also submitted as samples SllR000451 and SllR000454 as an experimental contro l. These samples were submitted for analysis by Ie for ammOniLUTI and anions, and ion-coupled plasma for metals. Only anions that were detected in at least one sample are reported in Table 7 below. The IC results show an increased amount of sulfate in the water extract as compared to what was present in the extraction of the methylene chloride extract sample or the control sample. This is probably due to the fact that anhydrous sodium sulfate is used to dry the methylene chloride extract. The amount listed in Table 7 is the concentration in the water extract. The amount of sulfate in the methylene chloride extract is 140 flglmL.
The ICP results on these extracts may be seen below. Only metals that were detected in at least one sample are reported in Table 8 . The only species detected in appreciable quantity in the sample extract SllR000452 as compared to either the blank methylene chloride extract sample (SIIR000453) or the control sample (SIIR000454) were sodium and sulfur. Sodium was present in the methylene chloride extract at 94.5 flglmL, and the sulfur (from sulfate) was present at 34.9 flglmL. These levels are consistent with the Ie results and reflect the traces of sodium sulfate left in the methylene chloride extract during preparation. The rest ofthe elements detected were present in similar quantities in the blank and in the sample extracts. Since the boron and silicon are also present in the blank, it may be assumed that they came from the glassware used to prepare the water extract. The rest ofthe species are present just above detection limits.
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